Based on the 850 µm dust continuum data from SCUBA-2 at James Clerk Maxwell Telescope (JCMT), we compare overall properties of Planck Galactic Cold Clumps (PGCCs) in the λ Orionis cloud to those of PGCCs in the Orion A and B clouds. The Orion A and B clouds are well known active star-forming regions, while the λ Orionis cloud has a different environment as a consequence of the interaction with a prominent OB association and a giant Hii region. PGCCs in the λ Orionis cloud have higher dust temperatures (T d = 16.13 ± 0.15 K) and lower values of dust emissivity spectral index (β = 1.65 ± 0.02) than PGCCs in the Orion A (T d = 13.79 ± 0.21 K, β = 2.07 ± 0.03) and Orion B (T d = 13.82 ± 0.19 K, β = 1.96 ± 0.02) clouds. We find 119 sub-structures within the 40 detected PGCCs and identify them as cores. Of total 119 cores, 15 cores are discovered in the λ Orionis cloud, while 74 and 30 cores are found in the Orion A and B clouds, respectively. The cores in the λ Orionis cloud show much lower mean values of size R = 0.08 pc, column density N (H 2 ) = (9.5 ± 1.2) × 10 22 cm −2 , number density n(H 2 ) = (2.9 ± 0.4) × 10 5 cm −3 , and mass M core = 1.0 ± 0.3 M compared to the cores in the Orion A (R = 0.11 pc, N (H 2 ) = (2.3 ± 0.3) × 10 23 cm −2 , n(H 2 ) = (3.8 ± 0.5) × 10 5 cm −3 , and M core = 2.4 ± 0.3 M ) and Orion B (R = 0.16 pc, N (H 2 ) = (3.8 ± 0.4) × 10 23 cm −2 , n(H 2 ) = (15.6 ± 1.8) × 10 5 cm −3 , and M core = 2.7 ± 0.3 M ) clouds. These core properties in the λ Orionis cloud can be attributed to the photodissociation and external heating by the nearby Hii region, which may prevent the PGCCs from forming gravitationally bound structures and eventually disperse them. These results support the idea of negative stellar feedback on core formation.
INTRODUCTION
Molecular clouds commonly show hierarchical structures, from clumps (n ∼ 10 3 − 10 4 cm −3 , 0.3 -3 pc) down to dense cores (n ∼ 10 4 − 10 5 cm −3 , 0.03 -0.2 pc) (Williams et al. 2000; Bergin & Tafalla 2007) . Since stars form via the gravitational collapse of the dense cores, it is important to identify the gravitationally unstable cores to understand the initial conditions of star formation. Nevertheless, the details of the core formation process are still poorly understood because local environmental conditions, such as turbulence, magnetic field, and radiation can significantly affect the process of core formation. Therefore, in order to understand the formation of cores, which are formed under these diverse environments, we must perform a statistical study in various environments and in various evolutionary stages.
Orion Molecular Cloud Complex is the largest (extend up to 25
• or 187 pc) and most massive molecular clouds within 500 pc of the Sun. This region is an important laboratory for investigating core and star formation in a range of environments and hierarchical structures from extended features to isolated objects. There are three clouds from south to north in the Orion complex; the Orion A and B clouds, and the λ Orionis cloud. The λ Orionis cloud, a region known as the "head" of the Orion complex with a distance 380 ± 30 pc (ESA 1997) and the total molecular mass of 1.4 × 10 4 M (Lang et al. 2000) , has different environments, including local radiation fields and star-forming activity, from the Orion A and B clouds. At the center of the λ Orionis cloud, there is one of the nearest OB associations known as Collinder 69, including at least one O star, λ Ori, with the spectral type of O8 III and an age of about 5.5 Myr (Cunha & Smith 1996; Dolan & Mathieu 2001 . Stars in this association are unbound due to the rapid removal of molecular gas by a supernova explosion that occurred about 1 Myr ago (Dolan & Mathieu 2001) . This might have subsequently led to the formation of the dusty and gaseous ring by making one of the nearest large H ii regions. The molecular clumps in the λ Orionis cloud show clear velocity and temperature gradients (Liu et al. 2012 (Liu et al. , 2016 Goldsmith et al. 2016 ), hinting at external compression by the H ii region. Liu et al. (2016) suggested that star formation in PGCC G192.32-11.88, which is located in the λ Orionis cloud, has been greatly suppressed because of stellar feedback.
The Orion A and B clouds have been extensively studied and are well known active star-forming regions, which contain thousands of young stellar objects (YSOs) Polychroni et al. 2013; Buckle et al. 2012) with same averaged distances of 420 pc (Sandstorm et al. 2017; Jeffries 2007 ) and a total mass greater than 2 × 10 5 M (Wilson et al. 2005) . Supernova explosions and Hii regions are not discovered in these two clouds. Therefore, comparisons of core properties in the Orion molecular cloud complex will provide an important opportunity to study the effect of the strong radiation field on the next generation of star formation.
We have been carrying out a legacy survey toward about 1000 Planck Galactic Cold Clumps (PGCCs; Planck Collaboration XXVIII. 2015) in the 850 µm dust continuum, "SCUBA-2 Continuum Observations of Pre-protostellar Evolution" (SCOPE, Liu et al. 2018a; Eden et al. in preparation) , to investigate physical conditions of the PGCCs with a high angular resolution of 14 .0. The PGCC catalog lists 13,188 Galactic sources over the whole sky, identified by the Planck survey, which have lower temperatures (6 -20 K) than their surrounding environments and the interstellar medium and thus, provides a wealth of sources which may be in the early stage of star formation. It was built using the Planck data at 353, 545, and 857 GHz combined with the Infrared Astronomical Satellite (IRAS) data (Planck Collaboration XXVIII. 2015) . Thousands of dense cores within the PGCCs have been identified in the "SCOPE" survey, and most of them are either starless cores or very young protostellar objects (Class 0/I) (Liu et al. 2016 (Liu et al. , 2018b Tatematsu et al. 2017; Kim et al. 2017; Tang et al. 2018) . The submillimeter dust continuum images of PGCCs can provide an opportunity to study the formation and evolution of cores because the dust continuum is a good tracer of dense and cold regions. Thus, we can explore how dense cores form and how star formation varies as a function of environment.
We present a detailed comparative statistical study of the 850 µm continuum data of 96 PGCCs in the three clouds of the Orion complex incorporated with archival data. We compare their overall features using the 850 µm continuum data and physical properties (e.g. dust temperature and dust opacity spectral index) using the PGCC catalog. Also, we investigate physical properties (size, column density, mass, and number density) of newly identified cores within detected clumps and discuss the differences among three clouds. In Section 2, observations and data are described. In Section 3, we present the results of our analyses. We discuss the environmental effect of the λ Orionis cloud and the overall properties of cores in the Orion complex in Section 4. The summary is presented in Section 5.
2. DATA 2.1. JCMT/SCUBA-2 As part of the legacy survey, SCOPE (proposal code: M16AL003), we observed 58 PGCCs in the "CV Daisy" mapping mode (Bintley et al. 2014) , which is suitable for small and compact sources with sizes of less than 3 at 450 and 850 µm with the Submillimetre Common-User Bolometer Array 2 (SCUBA-2) at the 15-m JCMT (Holland et al. 2013) . The observed PGCCs consist of 50 in the λ Orionis cloud and 8 in the Orion A and B clouds. Our observations were carried out under weather band 3/4, which maintains 225 GHz opacity ranging from 0.12 to 0.2. This weather condition is not sufficient to obtain 450 µm continuum data due to poor atmospheric transmission. The 450 µm continuum emission thus was not detected toward any of the 58 PGCCs. The map size is ∼ 12 × 12 and the beam size of SCUBA-2 is 14 .0 at 850 µm (Holland et al. 2013) . The observed continuum data were reduced using an iterative map-making technique, ORAC-DR, in the STARLINK package, developed by the Joint Astronomy Centre. The reduction is tailored to filter out scales larger than 200 on a 4 pixel size. We also included archival data of 38 PGCCs located in the Orion A and B clouds from the JCMT Science Archive (JSA) hosted by the Canadian Astronomical Data Centre (CADC). Table 1 lists information of the 96 PGCCs including coordinates, notes for detection, and rms noise level of each SCUBA-2 image.
Auxiliary infrared data
We included the data from the Wide-Field Infrared Survey Explorer (WISE ) -ALLWISE catalog (Wright et al. 2010) , which mapped the whole sky in four mid-infrared bands at 3.4, 4.6, 12, and 22 µm to study an association of any infrared (IR) source within each PGCC. From the data, embedded protostars were identified and their evolutionary stages were classified as described in Section 3.3.1.
RESULTS

SCUBA-2 observational results: Detection and Morphology
We obtained the 850 µm maps of 96 PGCCs in the Orion molecular cloud complex either by our own observations or from the JCMT archive, CADC. Fifty PGCCs are located in the λ Orionis cloud, thirty in Orion A and other sixteen in Orion B clouds, respectively. To avoid spurious detections, we adopted 3σ rms as the minimum significance required for detection. The detected and non-detected PGCCs are marked differently in Figure 1 and Figure 2 as red circles and orange triangles, respectively. Figure 1 marks the locations of selected PGCCs with H 2 column densities greater than 5 ×10 20 cm −2 (A V ∼ 0.5) on top of the Planck composite image in the λ Orionis cloud. Figure 2 provides PGCCs in the Orion A and B clouds. We cover all 50 PGCCs with column densities greater than 5×10 20 cm −2 in the λ Orionis cloud from the PGCC catalog, while the PGCCs in the Orion A and B clouds are not fully investigated. The 38 out of 46 PGCCs obtained from the archive have column densities greater than 5 × 10 20 cm −2 but not all PGCCs with the column densities greater than 5×10 20 cm −2 were observed with SCUBA-2. The total numbers of PGCCs with the H 2 column densities greater than 5×10 20 cm −2 are 66 and 68 in the Orion A and B clouds, respectively. Therefore, it is not appropriate to compare detection rates of SCUBA-2 in the three clouds. However, the H 2 column densities of PGCCs are much higher in the Orion A and B clouds (see Table 6 ), which means these regions are much denser than the λ Orionis cloud.
The overall morphology of PGCCs located in the λ Orionis cloud can be characterized as isolated and compact, while most PGCCs in the Orion A and B clouds are extended and have filamentary structures. The 850 µm dust continuum images also reveal hierarchical structures (see Figure 3 to Figure 5 ). Most PGCCs fragment into several substructures except for four ). We performed source fitting to identify and classify the substructures of PGCCs as will be described in the next section.
Source Fitting
Source fitting was performed using ClumpFind in the STARLINK package. It is an automatic routine for analyzing clumpy structures. The 5σ rms detection threshold was used to identify substructures in PGCCs and to determine their sizes. This process contours the data array at many different levels from the peak, and then follows down to a specific minimum contour level defined by users (Williams & Blitz 1994) . Any substructure with values above 5σ rms is passed to the fitting routine and then the set of pixels is identified as a source.
Finally, we obtained 119 cores within the 40 detected PGCCs in the Orion complex. In the λ Orionis cloud, there are 8 detected PGCCs, from which 15 cores are identified. The Orion A cloud has 74 cores in 23 PGCCs, and the Orion B cloud has 30 cores in 9 PGCCs. The list of cores in each cloud is found in Tables 2 to 4. 3.3. Properties of cores 3.3.1. The H2 column density and the total mass For analysis, we assumed that the dust continuum emission is optically thin; thus the continuum emission traces the total mass along the line of sight in the dense parts of PGCCs. The beam-averaged column density is estimated by the equation:
where S ν is the beam-averaged flux density per beam, which is integrated over the solid angle defined by Ω = (πθ 2 HP BW )/(4ln2) for a gaussian aperture, where θ HP BW is the half-power beam width, µ is the mean molecular weight, and m H is the mass unit of atomic hydrogen, and B ν (T dust ) is the Planck function of dust temperature T dust . We adopted the dust opacity per gram of gas from Beckwith et al. (1990) as κ ν = 0.1(ν/1 THz) β cm 2 g −1 which is appropriate for cores with intermediate and high densities. The T dust and the dust emissivity spectral index β were obtained from the PGCC catalog.
The mean density of the core was calculated using the beam-averaged hydrogen column density
where the core diameter R is defined as R = √ a · b, again a and b are the major and minor axes (full width at half maximum) of the fitting in Sect. 3.2. The calculated parameters for each source are presented in Tables 2 to 4. We estimated the total mass as
, where S ν is the continuum flux density at 850 µm, D is the distance. The median values of column density, number density, mass and size of cores in each cloud are summarized in Table 5 . The median value of column density is the highest in the Orion B cloud (38.4 ×10 22 cm −2 ) and the lowest in the λ Orionis cloud (8.2 ×10 22 cm −2 ). The lowest value is found in the λ Orionis cloud (2.5×10 22 cm −2 ), which is about 46.4 times lower than the highest value in the Orion A cloud (116.6 ×10 22 cm −2 ). The derived core masses range from 0.06 to 12.25 M . The core with the minimum mass is located in the λ Orionis cloud, while the core with the maximum mass is found in the Orion A cloud. In the median mass the λ Orionis cloud has the lowest value (0.77 M ) and the Orion B cloud has the highest value (1.81 M ).
To quantify the differences between cores in the λ Orionis cloud and cores in the Orion A or B clouds, we have calculated the probability whether these two distributions arise from the same population using the KolmogorovSmirnov (K-S) test. The K-S test is a more robust method for measuring the similarity between two distributions than the comparison of the median and/or mean values. We tested the difference between two distributions under a significance level of 0.05. Two distributions are statistically different when the K-S test gives larger distance values (D n ) than a critical value and smaller p-values than the significance level (α = 0.05). Figure 6 shows the results of the K-S test of core masses (upper panels) and column densities (lower panels) of the λ Orionis and Orion A/B clouds in the form of cumulative distribution function. The probability that core masses in the λ Orionis and the Orion A clouds are derived from the same parent population is 0.36%, and only 0.10% for the λ Orionis and Orion B clouds. The probability of the column density distribution of both the Orion A and B clouds originating from the same parent population as the λ Orionis is even lower, at 0.01% (lower panels of Figure 6 ). As the p-values are lower than the significance level (α = 0.05), we can conclude that the distributions of core masses and column densities in the λ Orionis cloud and in the Orion A/B clouds originate from different parent populations.
IR sources associated with cores
Distinguishing protostellar cores from starless cores depends on the detection of embedded infrared sources. Bright emission at 24 µm traces material accreting from the core onto the central protostar; the dust around the protostar can be heated by protostellar luminosity which mainly arise from accretion shocks (Chambers et al. 2009 ) . For that reason, if no emission is detected in a core in any of the four WISE bands (3.4 -22 µm), it is classified as "starless", otherwise, it is regarded as a candidate for a "protostellar core". However, there are a few difficulties faced when attempting to identify protostellar cores: deeply embedded sources are too faint to be detected, and many IR sources can be unresolved external galaxies or bright Galactic giant stars, which are positioned by chance along the same line of sight as cores. To avoid these issues, we adopted the "Young Stellar Object (YSO) finding scheme" with the WISE data by Koenig & Leisawitz (2014) ; we first excluded extragalactic contaminants such as star-forming galaxies (SFG) and PAH (Polycyclic Aromatic Hydrocarbons)-feature emissions following their method. As a result, one IR source, which is placed in the inner region of the dashed lines in Figure 7 was removed.
We also attempted to eliminate Active Galactic Nucleus (AGN) contamination using the color-magnitude cut in Koenig & Leisawitz (2014) , but found that known YSOs frequently meet this criterion and are hence often misclassified as AGNs. Deeply embedded protostars show faint emission and they could be removed by the color-magnitude cut. Jørgensen et al. (2006 Jørgensen et al. ( , 2007 suggested that the possibility of coincidence between an AGN and a core within 15 is only ∼ 1% by a random distribution of AGNs.
All IR sources associated with our cores are located within 10 from the dust continuum peaks. Therefore, we did not apply the AGN cut to identify protostars. Based on this scheme, we identified 5, 22, and 8 YSOs in the λ Orionis, Orion A and Orion B clouds, respectively. In total, 35 YSOs are associated with PGCCs in the Orion complex.
Classification of YSOs
To study the differences of star formation status among the three clouds, we classified evolutionary stages of the identified 35 YSOs. There are a few physical parameters used in classifying the evolutionary stages of YSOs. First, the most useful one is the bolometric temperature (T bol ) which is defined as the temperature of a blackbody with the same flux-weighted mean frequency in the observed SED (Myers & Ladd 1993) . It is expected that Class 0 protostar has a T bol < 70 K, a Class I protostar has 70 K ≤ T bol ≤ 650 K, and a Class II pre-main-sequence star has 650 K < T bol ≤ 2800 K (Chen et al. 1995) .
The second one is the near-to mid-infrared spectral index α, which is given as
The spectral index calculated in the wavelength range from ∼ 2 to 20 µm has traditionally been used (Adams et al. 1987; Lada 1987; Andre & Montmerle 1994; Evans et al. 2009; Dunham et al. 2014 ). The index is α ≥ 0.3 for Class I, −0.3 < α < 0.3 for a flat-spectrum source, and −1.6 < α < −0.3 for Class II. To classify the evolutionary stages of YSOs, we used the combination of the 4.5 -24 µm spectral index (α 4.5−24 ) with T bol as proposed in the Furlan et al. (2016) : α 4.5−24 > 0.3 and T bol < 70 K for Class 0 protostars, α 4.5−24 > 0.3 and 70 K < T bol < 650 K for Class I protostars, −0.3 < α 4.5−24 < 0.3 for flat-spectrum sources, and α 4.5−24 < -0.3 and T bol > 650 K for Class II pre-main-sequence stars. We used WISE 4.6 -22 µm data and SCUBA-2 850 µm peak flux to calculate T bol . In case that a source has a wide range of data including near-infrared data of MIPS of the Spitzer and also far-infrared data of AKARI, IRAS, and Herschel, these data points are also included to get more reliable T bol (Adams et al. 1987; Lada 1987; Andre & Montmerle 1994; Evans et al. 2009; Dunham et al. 2014) .
Based on this method, 5 YSOs in the λ Orionis cloud were classified as 2 Class 0, 1 Class I, and 2 flat-spectrum sources. We found 6 Class 0, 11 Class I, and 5 flat-spectrum sources in the Orion A cloud and 2 Class 0, 4 Class I, and 1 flat-spectrum sources in the Orion B cloud (Figure 8 ). However, because of a lack of far-infrared data for 3 YSOs in the Orion A cloud, the T bol is probably overestimated, which could result in the misclassification of these sources. The sources that do not have the far-infrared data are marked with asterisks in Figure 8 . Table 7 summarizes the numbers of YSOs in each class and the median values of L bol , T bol , and α in each cloud.
To confirm whether our classifications of identified YSOs are really reliable, we use the Spitzer and Herschel protostar catalogs. Spitzer Space telescope survey identified 3479 YSOs with disks or infalling envelopes in the Orion A and B clouds ), but did not carry out observations toward the λ Orionis cloud. These YSOs were also observed at 70 and 160 µm with the Photodetector Array Camera and Spectrometer (PACS) as part of the Herschel Orion Protostar Survey (HOPS) and 16 YSOs were newly identified (Stutz et al. 2013; Tobin et al. 2015) . We confirmed that all of the 22 YSOs in the Orion A cloud and 7 out of the 8 YSOs in the Orion B cloud identified from the WISE data are matched with the YSOs in the Spitzer and Herschel catalogs within 3 . The one YSO that is not listed in the Herschel catalog is thought to be an Asymptotic Giant Branch(AGB) star or a Classical Be (CBe) star because it was positioned on the boarder of color-magnitude criteria of AGB and CBe stars. AGB stars at great distance are really similar to YSOs and CBe stars can mimic blue transition disk objects in color-color space (Koenig & Leisawitz 2014) . Thus, the YSO, which reside in a core Middle3 of G205.46-14.56, have high probability of misclassification, and we do not account this source as a YSO hereafter. This source is marked with a green triangle in Figure 8 . Finally, in this study, we identified 5, 22, and 7 YSOs in the λ Orionis, Orion A, and Orion B clouds, respectively from the WISE data. 10 and 6 YSOs listed in the Spitzer and Herschel protostar catalogs in the Orion A and B clouds are missed due to lower signal-to-noise ratios and high uncertainties of the gaussian profile fitting of the WISE data. These two parameters given in the AllWISE photometric catalog are important to discriminate between real and fake point sources (Koenig & Leisawitz 2014) .
In total, from the WISE data, 10 YSOs were identified as Class 0, 16 as Class I, and 8 as flat-spectrum sources. The median L bol , T bol , and α 3.6−22 values for the total 34 YSOs are 3.0 L , 150 K, and 1.05, respectively. In the protostellar luminosity study (Kryukova et al. 2012) , using the L bol from the c2d survey, the luminosity of YSOs in the Orion A and B clouds peaks near 1 L , while the bolometric luminosity (L bol ) peaks in this study around 3 L probably due to the lower sensitvity of WISE.
The comparison among three clouds shows that the median T bol of the YSOs in the λ Orionis cloud is 101.7 K, which is lower than that in the Orion A (152.6 K) cloud, and the YSOs in the Orion B cloud have the highest median T bol of 182.8 K (Table 7 ). This may indicate that the protostars in the λ Orionis cloud are less evolved compared to those in the Orion A and B clouds. L bol , T bol , α 3.6−22 , and the evolutionary stages of each YSOs are listed in the last four columns of Table 2 to Table 4 .
Gravitational Instability of cores
Cores may become gravitationally unstable and subsequently collapse. We investigated whether the starless cores are gravitationally bound and have the ability to form protostars. The Jeans mass is the minimum mass of a spherical portion of a uniform medium that can trigger collapse by its own gravity. The equation of the Jeans mass is adopted from Wang et al. (2014) .
where T is the temperature and n is the H 2 volume density, respectively. We assumed that the gas and dust is well coupled in cores with high densities (n ≥ 10 5 cm −3 ) via collisions (Goldreich & Kwan 1974) , and thus, their temperatures are the same (Galli et al. 2002) . The core mass and its Jeans mass, M and M J , are listed in Table 2 to  Table 4 .
Cores with masses greater than their Jeans masses will collapse when we do not consider the effect by the magnetic field or turbulence. Cores with masses less than their Jeans masses are not gravitationally bound and will be dispersed by their own internal motion. In the λ Orionis cloud, there are four starless cores whose Jeans masses are significantly larger than their core masses, suggesting that these starless cores may disperse in the future. The other six starless cores have larger core masses than their Jeans masses. In the Orion A cloud, 37 out of 52 starless cores have masses larger than their Jeans masses, and they may collapse to form protostars. In case of the Orion B cloud, all the 23 starless cores have masses larger than their Jeans masses. These results are presented in Figure 9 . In total, 65 out of 85 starless cores may collapse, while 20 cores remain as starless. The highest and lowest fractions of gravitationally unstable starless cores are found in the Orion B cloud (100%) and in the λ Orionis cloud (60%), respectively.
Dense gas fraction
To compare the potential of star formation in the three clouds of the Orion complex, we determine the fraction of dense gas, from which stars form, in PGCCs. Submillimeter dust continuum observations with ground-based bolometer arrays filter out the large-scale diffuse gas. Therefore, the ratio between the masses derived from the Planck data (at 857, 545, and 353 GHz) combined with the 3 THz IRAS data and from the SCUBA-2 850 µm emission represents the dense gas fraction in the cold clump. The core masses are calculated from the SCUBA-2 850 µm images as described in section 3.3.1 and the clump masses are adopted from the PGCC catalog. Since some PGCCs have no information about masses in the catalog, we adopt a 3σ limit for the flux at 353 GHz and estimate the upper limit of the clump masses. As shown in Figure 10 , the dense gas fraction is the highest in the Orion B cloud (0.20) and the lowest in the λ Orionis cloud (0.10). In the Orion A cloud, the fraction is about 0.12.
In the right panel of Figure 10 , PGCCs that are not detected at 850 µm are plotted together; the detected PGCCs and non-detected PGCCs are clearly divided into two groups. For the non-detected PGCCs, we calculated the upper limit of core mass adopting 3σ noise of 850 µm images. The median clump masses of detected PGCCs are higher than those of non-detected PGCCs by factors of 1.6 to 2.2 in the three clouds. The difference in clump mass between detected and non-detected PGCCs is the greatest (a factor of 2.2) in the λ Orionis cloud. The median column density (4.9 × 10 21 cm −2 ) and number density (2.8 × 10 3 cm −3 ) of the detected PGCCs are higher by factors of 4.9 and 5.4, respectively, compared to those of non-detected PGCCs. Other parameters provided by the PGCC catalog, such as the warm background temperature, do not show a clear difference.
4. DISCUSSION
The effect of stellar feedback on PGCCs in the λ Orionis cloud
The λ Orionis cloud provides a good example for showing the effect of a nearby massive star on the core properties. The decrease of dust temperatures of PGCCs along the projected distance from λ Ori, suggests that the central star has great influence on the PGCCs, as presented in Figure 11 . In Table 6 , the physical properties of PGCCs from the PGCC catalog are listed; compared to the PGCCs in the Orion A and Orion B clouds, the PGCCs in the λ Orionis cloud have smaller column and volume densities, and clump masses. Therefore, the lower values of physical properties such as core mass, density, and size in the λ Orionis cloud, compared to the Orion A and B clouds, may indicate a strong stellar feedback such as erosion or even destruction of the cores by the photoionizing radiation. As shown in Figure 1 , the λ Orionis cloud is dominated by Hα emission, indicating that it is shaped by the ionized hydrogen content of a gas cloud. The median dust temperature (16.08 K) of PGCCs in the λ Orionis cloud is higher than those (13 -14 K) in the other two clouds. This also suggests the PGCCs in the λ Orionis cloud are externally heated.
The other effect of stellar feedback in the λ Orionis cloud is the unbounding state of the region. Dolan & Mathieu (2001 interpreted that the shock wave from the supernova explosion dispersed gas at the center of the λ Orionis cloud and left the region unbound. Although most of the PGCCs are located along the ring shaped structure (see Figure 1 ), it remains unclear whether they are bound or not. However, we can expect that this region was also affected by supernovae about 1 Myr ago, which may have disrupted the formation of dense and gravitationally-bound structures. The recent result showing that the star formation efficiency (SFE) decreases greatly in less-bound clouds (Lucas et al. 2017 ) is supported by our result.
Additionally, the dust emissivity spectral index β in the Orion A and B clouds are close to 2, while β in the λ Orionis cloud is much smaller as 1.65 (see Table 6 ). Juvela et al. (2015) estimated the β using Herschel , Planck , and IRAS data and found median values over all fields of the Planck clumps are 1.84. The β values are well known to be dependent on the physical environments such as grain growth or composition of dust grain and evolution of the carbonaceous component (Jones et al. 2013 ). I-Hsiu Li et al. (2017) , however, reported that grain growth may reduce β in circumstellar disks or envelopes only from the late Class 0 stage to the end of the Class I stage of YSOs. Forbrich et al. (2015) also found that β in the inner region of a starless core FeSt 1-457, shows no significant difference from the value for the local cloud, indicating that grain growth does not occur significantly in the very early stage of star formation. The λ Orionis cloud mostly harbors starless cores, and thus, β may represent their initial dust property. This result might indicate that the λ Orionis cloud was initially very dense, resulting in vigorous grain growth, and could trigger the massive star formation.
After the explosion of one of O type stars, the PGCCs can be affected by strong radiation. The dust temperature of PGCCs decreases with the projected distance from λ Ori. (see Figure 11 ). The errors are large owing to the sensitivity of Planck, but we can see the tendency for dust temperature to decrease with distance. As seen in Table 6 , the λ Orionis cloud has a higher median/mean dust temperature and lower median/mean density than other clouds. This may be due to the external heating from the H II region, which can increase the temperature of the molecular cloud, making it hard to cool down to form dense cores. Juvela et al. (2018) investigated properties of β and T d of PGCCs with IRAS, Planck , SCUBA-2, and Herschel data and suggested that the heating effect of a protostar on its environment is very small, because of its small volume to the surrounding material. Thus, the embedded protostars should not significantly contribute to raise the dust temperature of their parent clumps either in the λ Orionis cloud, supporting the idea that the higher dust temperatures in the λ Orionis cloud are mainly influenced by the external heating. This may also account for the lower column densities of PGCCs in the λ Orionis cloud because the external radiation can disperse gas via photo-evaporation as well as heating.
4.2. Two types of sub-clouds in the λ Orionis cloud Dolan & Mathieu (2002) suggested that the original shape of the λ Orionis cloud was like a linear string of dense molecular clouds. The most massive region was the central part of the initial cloud including B30, B35, the location of today's "λ Ori", and B223 (at the southwest of these). The rest of the cloud was filled by lower density molecular gas. As mentioned above, the supernova explosion quickly dispersed most of the parent cloud and then swept up molecular gas and dust, creating the ring structure that is seen today. Lang et al. (2000) suggested that the sub-clouds in the λ Orionis cloud were divided into two classes after the supernova explosion, based on their CO J=1-0 survey; (1) dense and massive sub-clouds and (2) diffuse and low mass sub-clouds. In the following section, we explore the characteristics of each sub-cloud in the context of the above scenarios and summarize the results in Table 8. 4.2.1. Dense and massive regions Dolan & Mathieu (2002) suggested that dense and high-mass regions of the λ Orionis cloud are remaining parts of the initial parent cloud. B30 and B35 support this scenario. They were accompanied by a massive cloud core which became the birthplace of OB stars, called "λ Ori" today. These two clouds may be massive enough to survive from the supernova explosion.
On the other hand, B223 might not be part of the λ Orionis cloud because it is located at the southwest region away from the central part ("λ Ori", B30 and B35). The pre-main sequence stars in B223 have different radial velocities from those in B30 and B35 (Dolan & Mathieu 2002) . In our survey, there are 18 PGCCs in this region, but none of them were detected at 850 µm. This supports the idea that B223 was not originally associated with the λ Orionis cloud, but is just coincidentally projected to the same region of sky as the λ Orionis cloud.
Thirteen PGCCs were observed in two dense clouds (B30 and B35) and the detection rate is about 38% (5 out of 13), about 2.5 times higher than the total detection rate (16%, 8 out of 50) in the λ Orionis cloud. The median mass and column density of the 13 PGCCs are 13.8 M and 1.3 × 10 21 cm −2 , respectively. The dense gas fraction, already mentioned earlier, is 0.19, which is comparable to the value for the Orion B cloud. The median column density of detected cores is 1.1 × 10 23 cm −2 , which is similar to those of Orion A (1.5 × 10 23 cm −2 ) and lower than those of Orion B (3.8 × 10 23 cm −2 ). This result suggests that core formation in dense and massive regions is much less affected by the stellar feedback.
Diffuse and low mass regions
The low-mass and low-density regions may result from the supernova blast and subsequent fragmentation of the molecular ring (Lang et al. 2000; Dolan & Mathieu 2001) . We find several indications that core formation is much more depressed in the diffuse and low-mass regions. All properties are lower than those of the dense and massive regions of the λ Orionis cloud and other star-forming regions of the Orion A and B clouds.
The detection rate of the diffuse and low-mass region is about 8% (3 out of 36), which is five times lower than that of dense regions (38 %) in the λ Orionis cloud. The dense gas fraction is also the lowest at 0.05. It is lower by a factor of four compared to the dense and massive regions of the λ Orionis cloud. The median mass and column density of the 36 PGCCs are 13.9 M and 9.9 × 10 20 cm −2 , respectively, which are not very different from those of PGCCs in the dense and massive regions (see Section 4.2.1). However, the median mass and column density of cores in this low density region are 0.96 M and 5.7 × 10 22 cm −2 , which are lower than those in the high density region by a factor of two (Table 8 ). These results imply that after the supernova explosion, the diffuse and low-mass regions are significantly affected by massive stars; core formation was suppressed, and thus, the fraction of dense gas became low.
Multiplicity of the three clouds
We have identified a total of 119 cores within 40 PGCCs as previously discussed. The averaged multiplicity (number of cores in one PGCC) for the three clouds is nearly 3. Figure 12 shows histograms of multiplicity, column density, and mass of PGCCs, respectively. The multiplicity in the λ Orionis is less than 2 (15 cores within 8 PGCCs), but for Orion A (74 cores within 23 PGCCs) and B (30 cores within 9 PGCCs), the multiplicities are significantly larger than 3 (see also Table 2 to Table 4 ). This clear difference is obvious in Figure 3 to Figure 5 . In Figure 12 , the column densities and masses of PGCCs in the λ Orionis cloud occupy the bins of lower values, while PGCCs in the Orion A and B clouds show wide distributions. The difference of multiplicity in the λ Orionis cloud can arise from the strong radiation field. The UV photons from the OB association in the λ Orionis cloud heat the clumps externally and hinder them from cooling. Therefore, the clumps are difficult to collapse and fragment.
In Figure 6 , we plot the cumulative mass and column density fraction of cores in the three clouds. The two profiles of each panel are strikingly different. The λ Orionis cloud has substantially lower fractions of core mass and column density than those of Orion A and B clouds. We also found that the mean and median clump masses and volume densities are the lowest in the λ Orionis cloud. This is in line with results of Polychroni et al. 2013 that clumps within filaments have higher masses than clumps outside of the filaments. The entire structure of molecular clouds of Orion A and B are filamentary, while λ Orionis is ring-shaped structure (Figure 1 and 2 ). This discrepancy can provide a significant clue concerning the physical origin of the environmental conditions between the λ Orionis cloud and Orion A and B clouds.
The fragmentation of clumps, which increases multiplicity, also might be caused by non-thermal motions, such as turbulence, which could be manifestedd by line broadening by bulk motions. We conducted single dish observations (Yi et al. in prep) using Korean VLBI Network (KVN) and found that the line widths are meaningfully broader in cores of Orion A and B than cores in the λ Orionis cloud. The median full width at half maximum (FWHM) of both HCN (J = 1 → 0) and H 2 CO (2 1,2 → 1 1,1 ) are the largest in Orion B as 1.40 km s −1 , and the FWHM of C 2 H (N = 1 → 0) is the largest in the Orion A as 1.14 km s −1 . The median FWHMs of HCN, H 2 CO, and C 2 H in the λ Orionis clouds are 0.87, 1.00, and 0.78 km s −1 , respectively. Theses are the lowest median values among the three clouds. This result may support that greater internal motions of turbulence actively led to fragmentation of clumps down to cores in the Orion A and B clouds.
SUMMARY
We investigated the physical properties of all the 96 PGCCs in three clouds of the Orion complex using the JCMT/SCUBA-2 850 µm continuum data. In total, 58 out of 96 PGCCs were observed as part of the SCOPE survey and rest of 38 PGCCs were studied with archival data.
We identified 119 cores within the detected 40 PGCCs; 34 cores are protostellar, while 85 cores are starless. To examine the gravitational instability of starless cores, we estimated their Jeans masses. In the Orion A cloud, 37 out of 52 starless cores have masses larger than their Jeans masses, and they may collapse to form protostars. In case of the Orion B cloud, all the 23 starless cores have masses larger than their Jeans masses. In the λ Orionis cloud, 40% (four out of ten) of the starless cores remain gravitationally unbound and thus, may be finally dispersed. The rest of 60% starless cores may collapse to form protostars.
Additionally, we explore the characteristics of each sub-cloud in the λ Orionis cloud following a scenario of Lang et al (2000) . The cores in the dense and massive regions show comparable column density (1.1 × 10 23 cm −2 ) to that of Orion A cloud (1.5 × 10 23 cm −2 ) while the cores in the diffuse and low mass regions show the lowest median column density of 5.7 × 10 22 cm −2 . This difference suggests that after the supernova explosion, the diffuse and low-mass regions are significantly affected by massive stars; core formation was suppressed, and thus, the fraction of dense gas became low.
We compared the overall properties of PGCCs in the λ Orionis cloud with those of PGCCs in the Orion A and Orion B clouds and we found PGCCs in the λ Orionis cloud usually have higher T dust , suggesting that PGCCs in the λ Orionis cloud are externally heated. In addition, high energy photons from the massive star (λ Ori) can photoevaporate the dense material and lead to lower column densities in the λ Orionis cloud. This effect can also cause the lower multiplicity in the λ Orionis cloud (1.8) compared to that of Orion A (3.2) and B (3.3) clouds. Among three clouds, the cores in the λ Orionis cloud have the lowest median values of the mass (0.77 M ), size (0.09 pc), column density (8.2 × 10 22 cm −2 ), volume density (2.5 × 10 5 cm −3 ), and dense gas fraction (0.10). Therefore, we conclude that a massive star gave negative feedback to the core formation and evolution in the λ Orionis cloud. ) (10 ) (10 ) (10 ) (10 Notea The median value of cores in each sub-cloud.
